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1.
Background

Chemical Kinetics and Spectrometry
● Kinetics labs can be performed in a wide variety of undergraduate
laboratory classes making research in the field important for chemical
education
● History1,2:
○
○
○
○
○
○
○

1814: Fraunhofer invents the spectroscope in Bavaria-known as the Father of the
Spectrometer
1850: Wilhelmy found that the rate of inversion of sucrose is directly proportional to the
concentrations of the reactants, sugar and acid
1859: Bunsen and Kirchhoff invent a spectroscope to use in the field of chemistry
1864: Guldberg and Waage proposed that the reaction “forces” are proportional to the product
of the concentrations of the reactants: K= [R]r [S]s / ([A]a [B]b)
1865: Harcourt and Esson determined the concentration vs. time relationships
of a kinetics experiment and integrated corresponding differential equations
1884: van’t Hoff published “Studies of Chemical Dynamics”
1887: Ostwald coins the terms “reaction order” and “half-life”

● Chemical kinetics is used to study the speed at which a chemical or
physical reaction occurs3
● By performing kinetics experiments, students can determine rate
laws, rate constants and orders of reaction
● For this laboratory write-up, the main focus is on the use of
absorbance versus time data, half-lives and calculating rate
constants to determine the reaction order as well as the order in
respect to the two reactants, bromophenol blue and NaOH
● In order to do so, a solution consisting of mainly concentrated base
and a small amount of dye solution is used

Bromophenol Blue v. NaOH5
● The reaction with bromophenol blue in a concentrated basic
solution, NaOH, is a pseudo-first order reaction according to
literature research6
● This means when that while the reaction is a second order kinetics
reaction, when the base is present in great excess compared to the
dye, the reaction acts as a first-order reaction with respect to the
reactants

2.
Method

Materials

● USB4000 Ocean Optics
Spectrometer
● OceanView Software
● 3.73*10-4 M solution of
Bromophenol Blue

●
●
●
●

4M and 2M solutions of NaOH
Pipettes
Cuvettes
Parafilm

Using the Ocean Optics
Spectrometer to Run Experiment
● The Ocean Optics spectrometer is
paired with OceanView software that
collects data in real time
● First, an absorbance spectrum was
obtained for bromophenol blue to
determine the optimal wavelength
● Using the determined wavelength, the
stripchart option in OceanView was
used to run the kinetics experiment

How the Ocean Optics Spectrometer Works
Light
Source
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Spectrometer
●
●
●
●
●

Computer

A source of radiation comes from an attachment and
travels through the sample cell into the spectrometer
A collimating mirror reflects the incoming radiation
onto the diffraction grating
Diffraction grating separates the wavelengths of light
onto the focusing mirror
Focusing mirror reflects the wavelengths of light onto
the diode array detector
Diode array detector detects/records the varying
wavelengths and through a USB connection, the data is
collected in the OceanView software

Rate Law Calculations
Solution A: Bromophenol blue and 4M NaOH
Solution B: Bromophenol blue and 2M NaOH

Experimental Scheme
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Results

3.
Results

Determining
the
Appropriate
Wavelength
for
Bromophenol
Blue

From the absorbance spectrum of bromophenol blue, it
can be seen that the wavelength at 590nm is the best
to use in this experiment which is also supported by
literature research7

Absorbance Vs. Time

Once the raw data from Ocean Optics is exported to Microsoft Excel, the
real time data can be converted to form Absorbance v. Time graphs
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Order with Respect to Bromophenol Blue

● In order to determine the order of reaction with respect to Bromophenol
Blue, the data was graphed ln(Absorbance)/time
● Because they are both linear, the experimental data shows that the
reaction is a first order reaction in respect to the indicator

Order with Respect to NaOH
● t1/2 (A)= 99.491 seconds

● t1/2(B)= 230.710 seconds

● k(A)= ln(2)/t1/2 (A)

● k(B)=ln(2)/ t1/2(B)

● k(A)= 0.007

● k(B)= 0.003

ln[0.007/0.003]
n= --------------- = 1.19
ln[4M/2M]

n=1.19 -> 1st order
with respect to the
hydroxide ion
concentration

Overall Order of Reaction
Rate Law:
Rate=k [BPB-]n [OH-]m
Order in respect to bromophenol blue: n=1
Order in respect to the hydroxide ion: m=1
Overall order of reaction: 2

4.
Discussion

Discussion
● The experiment was successfully run using the Ocean Optics
spectrometer
● The OceanView software allowed for the absorbance vs. time data
to be collected
● Using Microsoft Excel, the necessary calculations were able to be
done to calculate the rate orders
● In the end, it was determined that the experimental rate
orders matched that of the literature research
● From all of this, accurate and helpful procedures were able
to be written-up and provided for lab classes

Issues with Ocean Optics
● Throughout the entirety of the research performed, several problems
arose while using the Ocean Optics spectrometer:
○ The OceanView software gives data in real time, meaning a
somewhat time consuming process of converting time in excel is
necessary
○ The OceanView software can also only collect/store a limited
number of data points, so reactions must occur in a certain time
frame

5.
Conclusion

● Using the Ocean Optics spectrometer allowed for the rate order to
be determined in respect to bromophenol blue, NaOH, and the
overall reaction
● When compared to literature, the experimental results matched
● Because the experiment was deemed successful, the written up
procedures and step-by-step instrumental instructions can be
used in various lab classes as well as further research in kinetics
experiments

6.
Future Work

Continuing Research

● I will be writing up a experimental procedure for the
Fading of Bromophenol Blue and NaOH using the Ocean
Optics spectrometer
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